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Abstract 
A modification ofthe freeze core sampler of Marchant & Lillywhite (1989), which makes it easier to 
use in moderately remote field localities is described. The principal changes are the use of pelletised 
carbon dioxide (CO2) as the freezing agent rather than liquid CO2 , a reduction in the length of the 
standpipe and, importantly, the addition of a black rubber insulating jacket round the standpipe to 
reduce potential heating problems and core breakage at the sediment-water interface. The apparatus 
can be operated by two people and is particularly suitable for use in moderately small streams with 
compact beds. 
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Introduction 
The hyporheic zone, i.e. the saturated interstitial 
spaces within the stream bed, is known to provide 
an important habitat for stream invertebrates 
(Ward 1992, Palmer 1993, Allan 1995) with 
some species occurring to depths of at least 70 
cm (Coleman & Hynes 1970, Williams & Hynes 
1974, Marchant 1988, 1995). However, most 
conventional samplers (e.g., Surber samplers) 
allow penetration ofthe stream bed to depths of 
only 5-10 cm and can lead to substantially 
inaccurate estimates of benthic invertebrate 
abundance (Adkins & Winterbourn 1999). 
The need for quantitative sampling of the 
hyporheos has led to the investigation of 
alternative sampling methods , which have 
inc luded co lonisa t ion pots , p u m p i n g of 
sediments, and various kinds of corers (Fraser & 
Williams 1997). Freeze corers that operate by 
freezing bed sediments to a metal pipe hammered 
into the stream bed provide one of the better 
quantitative methods (Fraser & Williams 1997) 
and overcome some of the disruptive problems 
associated with mechanical corers (Williams & 
Hynes 1974). 
Typically, "cores" are frozen to the outside of 
a pipe (Pugsley & Hynes 1983, Marchant & 
Lillywhite 1989, Bretschko, 1985), which means 
that the volume of substrate frozen cannot be 
controlled. Nevertheless, the first freeze-corers 
were designed to collect small samples within 
narrow tubes (Shapiro 1958, Efford 1960), and 
recently Hill (1999) described a 20 cm diameter, 
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double-walled freeze corer for the collection of 
invertebrates and sediments within the top 10-
15 cm of the stream bed. In all these devices, 
freezant is poured into the space between the 
walls ofthe sampler to freeze the material inside, 
so producing an even shaped core. Although 
Hill's sampler was designed for use in shallow 
streams (including stony ones), its large diameter 
and mode of operation (the corer must be pushed 
into the substrate by hand), would probably 
prevent it from being used to obtain deep cores 
(30 cm or more) in most stony streams. 
In this paper, we describe a freeze-corer based 
on the model used by Marchant & Lillywhite 
(1989), but modified in several ways to facilitate 
its use in localities accessible only on foot. In 
particular, solid dry ice is used as the freezing 
agent rather than liquid carbon dioxide or liquid 
nitrogen. Liquid coolants are rarely a practical 
option for use at remote sites due to the volumes 
required, and the need to store and carry them 
in cylinders over rough terrain. Solid carbon 
d ioxide (dry ice) can be t r anspor t ed in 
lightweight polystyrene boxes ('chillybins') and 
is relatively safe and easy to transport and handle 
in the field. Other differences from the corer of 
Marchant & Lillywhite are the use of a shorter 
standpipe, and therefore, reduced weight, and 
the incorporation of a thick, rubber insulation 
jacket around the standpipe at the substrate 
surface to reduce potential heating problems. 
Marchant & Lillywhite placed a heavy, open-
ended, galvanised iron cylinder around the 
standpipe for this purpose, but it added further 
to the weight of the apparatus. In total, our 
modifications result in lighter equipment that 
can be carried, assembled and operated by two 
people. 
Design, construction and operation 
The unperforated standpipe is made from 35 mm 
internal diameter galvanised pipe, with a conical 
steel driving tip welded to the lower end (Fig. 
IA), and two steel rings welded to its outer 
surface. The upper ring supports a steel, driving 
cap (Fig. IB), which protects the top ofthe pipe 
when it is being driven into the substrate. The 
lower ring supports a separate lifting assembly 
(Fig. 1 C) that is held in position by a metal pin 
inserted through holes bored in the lifting 
assembly and the standpipe. At 1.4 m in length 
the pipe is 43 cm shorter than that used by 
Marchant & Lillywhite, a reduction that does 
not affect the depth to which the sampler can be 
driven. 
In the field, the standpipe is hammered 
vertically into the streambed with a sledge 
hammer (to a depth of 30 cm in the study of 
Adkins & Winterbourn 1999). The depth of 
penetration is measured with a graduated rod 
from a predetermined point on the driving cap. 
Rubber bungs are inserted into the top of the 
standpipe and the small side holes so as to prevent 
the entry of moisture that could interfere with 
the freezing process. The pipe is left for 24 hours 
before freezing to allow fauna to recover from 
any disturbance associated with the hammering 
(Marchant & Lillywhite 1989). Thick (10 mm) 
rubber tubing (insulation) is placed around the 
outside ofthe standpipe to reduce the likelihood 
of heating by water flowing past during the 
freezing operation. 
The freezing procedure involves pouring dry 
ice pellets into the standpipe through a plastic 
funnel. A wooden rod is used to gently tamp 
these down. Timing ofthe operation begins once 
the pellets have been packed into the standpipe 
to just below the level of the lifting assembly 
anchor holes. Satisfactory cores are usually frozen 
to the outside of the pipe within 20 minutes, 
but the time needed is influenced by air and water 
temperature. Freezing is achieved more rapidly 
in winter. In summer, the addition of a small 
quantity of alcohol to the dry ice in the pipe 
aids the freezing process. 
Our apparatus and operational technique 
differ from those of Marchant & Lillywhite 
(1989) in a number of ways. The pelleted dry 
ice used as the refrigerant is more convenient to 
S.C. ADKINS ETAL: A modified freeze-corer for sampling invertebrates in streams 45 
*\ 85mm H 
&mm f*" 
L I I 
driving cap 
welded 
rings 
20mm 
225mm 
70mm 
L 
20mm 
0 
J3 
3^5rnm 
rH 
50mm V 
split steeve 
holes for 
steel pin 
15mm dia 
0 
H-65mm-»l 
© 
1 
50mm 
J 
i 
30mm 
J 
] J C 
Figure 1. Freeze corer 
A. Standpipe and driving cap, B. Split sleeve, C. Lifting assembly 
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handle in the field, being lighter to transport than 
cylinders of liquid CO 2 . The shorter pipe also 
means less weight to carry. Because the dry ice 
remains in the pipe, there is not the same urgency 
in lifting it from the substrate. However, using 
dry ice means a longer freezing time is required; 
about 20 minutes compared with 4-6 minutes 
with liquid carbon dioxide. 
To remove a standpipe and core, the lifting 
assembly is fitted over the pipe, two halves of a 
steel, split-sleeve are fitted under the lower ring 
(Fig. 1C) and a steel pin is inserted to secure the 
apparatus. Two truck jacks are then fitted into 
the loops on the assembly and the whole 
apparatus is jacked vertically out of the stream 
bed. The frozen sediment is removed from the 
outside of the pipe in whatever lengths are 
required using a bolster and hammer. The 
sediment and associated fauna are then placed 
in bags and kept frozen until processing can be 
carried out. 
Because frozen "cores" have uneven shapes and 
volumes (Fig. 2), samples need to be standardised 
to an equivalent volume of sediment so that 
comparisons can be made. In our study of depth 
d i s t r ibu t ions of inver tebrates (Adkins & 
Winterbourn 1999) the volumes of sediment in 
10 cm long sections ofcores were determined 
by displacement of water, and invertebrate 
abundance was converted to equivalent numbers 
per 9L of substrate. Nine litres was chosen since 
it approximates the volume of substrate disturbed 
when using a standard Surber sampler (30 x 30 
x l O cm). 
In summary, we consider tha t the 
modifications we have made to the Marchant & 
Lillywhite freeze core sampler make it a little 
more "user friendly" wi thout reducing its 
effectiveness. The rubber sleeve placed around 
the standpipe immediately above the substrate-
water interface helps prevent breakage in the 
upper 10 cm ofcores, a potential problem with 
freeze-coring noted by Marchant & Lillywhite 
(1989) who enclosed their corer in a heavy, iron 
Figure 2. Frozen core on standpipe 
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cylinder for this purpose. The sampler can be 
opera ted comfor tab ly by two persons in 
moderately remote conditions, and is particularly 
recommended for use in moderately small 
streams with fairly compact bed sediments. 
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